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One way to study the fundamental properties of surfaces
and to gain understanding of chemical reactions on surfaces
is to examine the scattering of well-defined beams of
molecules.

In this work we developed the theory which can be used as
a mathematical framework for explaining such molecular
beam experiments. The theory treats the translational and
rotational motion with classical mechanics, while the
excitation of internal molecular vibrational modes is treated
with quantum mechanics. [Initial results published by Iftimia
and Manson, Physical Review Letters 87, 093201 (2001).]

Figure 1 shows, in a polar plot for a beam incident at a 60°
angle, our calculations for the intensity as a function of final
scattering angle (colored points) compared with experimental
measurements (black lines) for the case of acetylene
scattering from a clean lithium fluoride surface at three
different incident energies. Figure 2 gives a comparison with
experiment (blue points) for the final rotational temperature of
scattered acetylene molecules as a function of incident
energy. The agreement between theory and experiment
indicates that we have a good understanding of the basic
mechanisms for energy transfer between the molecular gas
and the surface. [Experimental data by Francisco et al.,
Physical Review Letters 77, 1402 (1996).]
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Figure 2. Rotational temperature vs. E..
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